Introduction
Plasma lipoprotein levels are major modifiable risk factors for cardiovascular disease. 1 On the contrary; high-density lipoproteins (HDLs) oppose atherosclerosis directly, by removing cholesterol from foam cells, by inhibiting the oxidation of low density lipoproteins (LDLs), and by limiting the inflammatory processes that underlie atherosclerosis. Moreover, HDLs also have antithrombotic properties. Mounting clinical and experimental evidence shows that HDLs may exert multiple anti-atherogenic effects that together are consistent with a marked reduction in the risk of a morbid cardiovascular event in hyperlipidaemic state. 2 The potential hepatotoxic effect of statins, nicotinic acid and fibrates (lipid lowering agents) show elevated serum aminotransferase activity in some patients treated with these agents. [3] [4] [5] [6] Raised creatinine kinase activities may lead to rhabdomyolysis rarely in some patient treated with statins or fibrates. Fibrates also have modest risk of cholesterol gall stone. In a view to reduce the side effects of drugs, the use of herbal supplements has increased dramatically over the past 30 years. Recently, the World Health Organization estimated that 80% of people worldwide rely on herbal medicines for some part of their primary health care. 6 Fresh wheatgrass (Triticum aestivum Linn.) juice had shown lipid lowering effect as well as increase in HDLs on normal rats. [7] [8] [9] It is used as a health improving adjuvant in several diseases including coronary artery disease in India as folk medicine. 7 However, to the best of our knowledge, experimental study on the anti-atherogenic properties of wheatgrass juice in hyperlipidaemic condition has not been done in our country previously. Hence, the current study was designed to observe the possible cardio-protective effect of wheatgrass (T. aestivum) juice by increasing HDLs on experimentally induced dyslipidaemic rats.
Materials and method

Animals:
The experiment was carried out upon Long Evans rats (Norwegian strain), which were obtained from Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka, Bangladesh. A total number of 48 adult male rats, aged 2-3 months and weighing about 140-200 grams were included in this study. They were kept in the animal house of the Department of Pharmacology & Therapeutics, Dhaka Medical College, Dhaka, Bangladesh. The rats were kept in cages, acclimatized at 26-29°C and humidity, with a 12 hour light and dark cycle. They were allowed free access to standard laboratory diet and water ad libitum. Animals were randomly distributed into eight (8) groups having six (6) rats in each group.
Drugs and chemicals
a) Fresh common wheat grass juice: The wheatgrass (T. aestivum) used in this study was grown in the roof top garden. When grass was about 6 inches tall, it was cut ½ inch above the surface of soil. Twenty grams of harvested fresh grass was grounded by grinder with 10 mL of sterile water and the juice was squeezed out through four layers of wet muslin cloth. The filtrate was made to 20 mL final volume with sterile water and administered as grass juice. Each day the fresh juice was prepared prior to administration. b) Distilled water. c) Standard laboratory diet. d) Fatty mixture: 1% cholesterol diet was prepared by dissolving 1gm of cholesterol in 100 mL of olive oil. 10 3. Kits for the estimation of serum cholesterol: Serum cholesterol was estimated by cholesterol liquicolor CHOD-PAP-Method (enzymatic colorimetric test with lipid clearing factor).
The experiment was carried out in the Department of Pharmacology & Therapeutics, Dhaka Medical College, Dhaka, Bangladesh, from July 2009 to June 2010. As described earlier, a total number of 48 healthy adult male Long Evans rats were used for the present study.
Experiment design
Group A: This control group consisting of six rats received standard laboratory diet and distilled water for 28 days.
Group B:
This group of rats was fed standard laboratory diet, distilled water and 10 mL/kg 1% cholesterol diet through feeding tube for 28 days, according to Amin. 11 Group C: This group was fed standard laboratory diet and 10 mL/kg grass juice.
Group D:
This dyslipidaemic control group received standard laboratory diet and 10 mL/kg 1% cholesterol diet for 28 days.
Group E:
This group received 1% cholesterol diet along with 10 mL/kg fresh wheat grass juice to observe the preventive effect of grass juice.
Group F:
This group received 10 mL/kg 1% cholesterol diet for 28 days followed by 10 mL/kg fresh grass juice for next 28 days.
Group G:
This group was fed 10 mL/kg 1% cholesterol diet for 28 days followed by 20 ml/kg fresh grass juice for next 28 days.
Group H: This group received 10 mL/kg 1% cholesterol diet for 28 days followed by 0.14 mg/kg Atorvastatin (a lipid lowering agent) for next 28 days, according to Jesmin. 10 Experiment I This part of the experiment was carried out on first three groups of rats to observe the effect of 1% cholesterol diet and wheatgrass juice on lipid profile of normal rat. 
Experiment II
The rats of the experiment-II were fed 1% cholesterol diet 10 ml/kg or 1 ml/100gm of body weight for 28 days in order to elevate plasma cholesterol level, according to Amin. 11 Each rat was made to fast for 18 hours before sacrifice and collecting blood sample. They were given only water ad libitum during the fasting period. All animals were sacrificed under ketamine anaesthesia and blood samples were taken directly from the heart. Samples were collected in the test tubes. These were kept in slanting position till blood had clotted. Serum was separated from the clot after centrifugation in the centrifuge machine. Serum was collected in small test tubes and kept at 0º C. Then the serum was analyzed by the lipid profile kit.
Results
Experiment I
Dyslipidaemia was induced in rats by administration of 10 mL/kg body weight olive oil with 1% cholesterol through feeding tube for 28 days. Dyslipidaemia was evident with a significant decrease in serum HDL-cholesterol level (P<0.01).
Effect of 1% cholesterol diet on HDL-cholesterol of rats: The mean concentration of serum HDL-cholesterol was found to be decreased by 
Experiment II
Effect of grass juice (10 mL/kg) taken along with 1% cholesterol diet: In this group the mean concentration of serum HDL-cholesterol was increased by 6.47% than that of the dyslipidaemic control group, which was statistically significant (P<0.05) ( Table II) .
Effect of grass juice (10 mL/kg) on dyslipidaemic rats: The mean serum concentration of HDL-cholesterol of the dyslipidaemic rats treated with 10 mL/kg grass juice for 28 days were increased by 8.35%, which was statistically highly significant (P<0.01) ( Table II) .
Effect of grass juice (20 mL/kg) on dyslipidaemic rats: The mean serum concentration of HDL-cholesterol of the dyslipidaemic rats treated with 20 mL/kg grass juice for 28 days were increased by 11.18%, which was statistically highly significant (P<0.01) ( Table II) .
Effect of Atorvastatin (0.14 mg/kg) on dyslipidaemic rats: The mean serum concentration of HDL-cholesterol of the dyslipidaemic rats treated with 0.14 mg/kg Atorvastatin for 28 days were found to be increased by 14.00% than that of dyslipidaemic control group, which was statistically highly significant (P<0.001) (Table  II) . Comparison of HDL-cholesterol levels between groups were done by unpaired Student's't' test. ns = Not significant, * = Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001.
Group D : Dyslipidaemic
Group E : 1% cholesterol diet plus grass juice Group F : 1% cholesterol followed by 10 ml/kg grass juice Group G : 1% cholesterol followed by 20 ml/kg grass juice Group H :1% cholesterol followed by Atorvastatin
Comparison of the effects of two different doses (10 mL/kg and 20 mL/kg) of grass juice: The serum HDL-cholesterol of the dyslipidaemic rat group treated with 20 mL/kg grass juice for 28 days was found to increase by 2.70% than that of the dyslipidaemic group treated with 10 mL/kg grass juice for the same period, which was statistically not significant (Table III) . Table III : HDL-cholesterol levels in the groups of rats taken two different doses (10 ml/kg and 20 ml/kg) of grass juice in Experiment II
Comparison of HDL-cholesterol levels between group G and group F was done by unpaired Student's 't' test. ns = Not significant.
Group F : 1% cholesterol followed by 10 mL/kg grass juice Group G : 1% cholesterol followed by 20 mL/kg grass juice 14.21% in rats treated with 1% cholesterol diet compared to the rats fed normal diet, which was statistically highly significant (P<0.01) ( Table I) .
Effect of wheat grass juice on HDL-cholesterol of normal rats: The mean serum HDL-cholesterol of 10 mL/kg grass juice fed normal rats was increased by 4.93% than that of the laboratory diet fed control group. The result was not statistically significant (Table I) . Comparison of the effects of the wheat grass juice (20 mL/kg) to that of with Atorvastatin (0.14 mg/kg): In the present study, the increase of serum HDL-cholesterol with the dose level of 20 mL/kg of grass juice was found almost similar to that of Atorvastatin (+2.64%) and was not statistically significant (Table IV) . Group G :1% cholesterol followed by 20 mL/kg grass juice Group H :1% cholesterol followed by Atorvastatin
Discussion
In the present study, hypolipidaemic effect of wheat grass juice was tested on adult Long Evans rats. Dyslipidaemia was induced in rats by administration of 10 mL/kg body weight olive oil with 1% cholesterol through feeding tube for 28 days. Dyslipidaemia was evident with a significant decrease (p<0.01) in serum HDL-cholestero level. Jesmin 10 , Amin 11 , Akter 12 , Lata et al. 13 and Anita & Okokon 14 achieved similar effect on lipid levels by administering similar hyperlipidaemic diet. The results of their studies are more or less in agreement with that of the present study.
The group of normal rats that took 10 mL/kg grass juice had shown significant increase in serum HDL-cholesterol level. The result was in full agreement with that of Kothari et al. 7 Administration of grass juice along with cholesterol diet also showed significant increase of serum HDL-cholesterol level than the dyslipidaemic group. It indicates preventive role of wheat grass juice against dyslipidaemia. Moreover, this effect of grass juice was found to be dose dependant. In higher dose of grass juice the effect was much more evident than that with lower dose. Kothari et al. 7 also observed such changes in lipid parameters in dose related manner. In our study, increasing serum HDL-cholesterol level with the dose of 20 mL/kg of grass juice was found almost similar to that of Atorvastatin. Overall, it showed a tremendous improvement in terms of regulating serum HDL-cholesterol level in dyslipidaemic state in rats. To the best of our knowledge, no such study has been done in our country previously. Hence, the result could not be correlated further with those of the others.
The present experiment showed that HDL-cholesterol level is increased by ingestion of wheat grass juice in experimental animals. Therefore, it provides the initial step for demonstrating cardio-protective effect of wheatgrass (T. aestivum) juice by increasing HDL-cholesterol level in blood in dyslipidaemic state. Further studies are recommended to reconfirm and identify the hypolipidaemic active principles and elucidate their mechanism of action. 
